Flexner and Noguchi I have cultivated a minute microSrganism from the central nervous organs of human beings and monkeys that have succumbed to epidemic poliomyelitis, and Noguchi has perfected a method by which the parasite may be stained in film preparations and sections prepared from infected tissues. Either because of their minute size or because of the manner of distribution, the demonstration of the stained micro6rganisms in sections of the nervous tissues has been accomplished with difficulty. Moreover, one cannot be sure of the presence of a single organism in tissues where so many granules confuse the microscopic picture. I have therefore endeavored to arrive at more certain results by employing for the sections to be stained portions of nervous tissues which have previously been incubated for a sufficient time to allow the parasites to increase in number, For the cultivation of the microSrganism described by Flexner and Noguchi fragments of the brain are placed in sterile ascitic fluid together with a piece of sterile rabbit kidney, the whole being overlaid with paraffin oil. At the expiration of ten days the fluid culture is examined for growth. When uncontaminated with extraneous bacteria the medium shows almost no changes; and it may even remain unchanged when certain contaminating bacteria are present. The extraneous bacteria are detectable (a) by microscopical examination and (b) by subculture in the usual culture media. The smaller microSrganism thus far cultivated only from poliomyelitic tissues is readily distinguished from ordinary bacteria.
But many of the cultures set up as above stated remain permanently free from stainable micro6rganisms within the fluid. To obtain initial growth of the minute parasite requires much care and patience. The fragment of brain retains its form for many weeks and autolyzes slowly.
By this method of cultivation it is supposed that the minute microorganism first multiplies in the fragment of brain from which it gradually enters the ascitic fluid. It is probable therefore that growth may take place within the brain tissue and not in ascitic fluid, where for many reasons the conditions happen not to be favorable for multiplication. Since the parasite is subject to autolysis it may escape detection in microscopical preparations, because the small number that have entered from the brain tissue may have perished, or they may be too greatly diluted to be readily found.
However, it should be possible to detect the multiplied microSrganism in the fragment of brain tissue itself. As a matter of fact this has been accomplished, and the minute parasites have been found in such states as to show conclusively that they have multiplied post mortem.
Flexner and Noguchi pointed out that the minute globoid bodies which they cultivated appeared within the nervous tissues in single and double form, but not in chains or distinct masses such as occur in artificial cultures. We may assume therefore that during postmortem multiplication within the tissues both the chain and mass form would arise, as has been actually observed. The procedure employed for the demonstration of the bodies in the incubated tissue follows.
Monkey A.--Inoculated intracerebrally on the left side with o.3 c.c. of a Berkefeld filtrate of M A virus, began to show symptoms of poliomyelitis on the seventh day, and ran a typical course. The animal became prostrate on the ninth day and was etherized on the thirteenth. Small portions (about I by I by 2 era.) of the right brain were placed in tubes of kidney-ascitic fluid culture medium and incubated at 37 ° C. Beginning with the second day and daily thereafter a tube was taken out and the fluid replaced by molten agar, and the mass containing the piece of brain was poured immediately into a small dish. When the agar had congealed small pieces of the brain were cut and dropped into pyridin-lucidol 2 for hardening, according to the method described by Sz6sei, and finally blocked ~Lucidol is the' name given by Sz6sci to benzoyl peroxide. Sz6sci, St., Deutsch. reed. Wchnschr., 1913 , xxxix, 1584 in paraffin and sectioned as thinly as possible. They were then stained with Giemsa solution and decolorized according to the method of Noguchi. ~ Short chains of the organism were observed in the tissue which had remained in the incubator for six days. They consisted of three distinct globules about 0.2 of a micron in diameter, not perfectly round, arranged in chain formation, and stood out sharply as purplish red dots against the faint blue of the autolyzed brain tissue (figure I). They are seen best under artificial light.
By examining sections of tissue removed on succeeding days, a gradual development of the organism could be traced. After eight days' growth (figure 2) five divisions could be seen, and the slight variation in size was increased by the tenth day, when nine divisions still in chain formation were seen (figure 3). The difference in size is accentuated in the photograph on account of the inclination of the plane in which the chain lay.
After twenty days' incubation sixteen bodies were found approximated, describing a loop like a twisted letter U. They did not lie in the same plane and for that reason no photograph was taken. Thirty day sections contained the organism growing in bunches, as shown in figure 4. Here the bodies were slightly smaller but were perfectly distinct.
Similar experiments were carried out successfully with the brains of monkeys infected with K virus. One of the protocols is as follows :
Monkey B.--Inoeulated intraspinously with 3 c.c. of paper filtrate of K virus suspension, developed a paralysis in five days, and died two days later. Pieces of the right brain were incubated and treated according to the method already described, and the organism was found in short chains.
The minute micro6rganisms present in the incubated nervous tissues are clearly identical with those cultivated by Flexner and Noguchi and stained by them in film preparations and sections of freshly prepared tissues. The differences in grouping and size can be accounted for by the conditions of multiplication in the brain tissue removed from the body. That the bodies observed are organisms and not granules of autolyzed cells is clear.
8 Flexner, S., and Noguchi, H., loc. cit. 4 Flexner, S., and Lewis, P. A., Jour. Exper. Med., IgIo, xii, 253. Since the organisms multiply within the nervous tissue when incubated in this manner, the logical procedure for obtaining cultures would be to allow them to develop and then set them free by some means imo the fluid.
Bits of monkey brains known to contain K virus were incubated in the kidney-ascitic fluid culture medium. Examinations by smear preparations of the fluid from time to time up to fifty days gave no evidence that a culture had been obtained. The pieces of nerve tissue were then crushed by means.of a glass rod and the tubes incubated for eleven days more, when the organisms were found in pure culture. The organisms grew in subcultures from these tubes.
Incubation for twelve days before crushing the bits of brain, and further incubation for three days before making subcultures is sufficient to Obtain good growths.
Flexner and Lewis 4 have shown that the virus of poliomyelitis may occur in the circulating blood, and recent experiments by Clark, Fraser, and Amoss confirm and extend the earlier results obtained by Flexner and Lewis. On the other hand, the indications are that the virus is not present in the blood either abundantly or constantly. An effort was therefore made to detect the microSrganism in blood films with a successful result in one instance.
Monkey C. Macacus rhesus.--Inoculated intraspinously with I c.c. of a suspension of K virus, ran a typical course, and became, prostrate in ten days. The animal was etherized on the twelfth day and film preparations were made from the heart's blood. These were fixed in methyl alcohol and stained for twelve hours in I:2o Giemsa solution and decolorized by standing in acetone for eight hours. Two short extracellular chains were found, each consisting of three globules identical in morphology and staining properties with the previously described organism. One of these sets is shown in figure 5 .
Monkey D. Macacus rhesus.--Received intravenously 18o c.c. of a Berkefeld filtrate of K virus. Eleven days later typical poliomyelitis ensued and the monkey was moribund on the fourteenth day, when it was etherized and 2 c.c. of heart's blood were placed into kidney-ascitic culture medium. Fifteen days later film preparations did not disclose the presence of the organism, but transplants were made and the organism was found in pure culture after twenty days' incubation.
SUMMARY.
The globoid bodies, or minute microorganisms, cultivated from the central nervous organs of human beings and monkeys that have succumbed to poliomyelitis, may be detected in the incubated brain tissues of infected monkeys in forms indicating post-mortem multiplication. Incubating the poliomyelitic tissues in kidney-ascitic fluid culture medium and then crushing them is a more certain method for obtaining cultures of the organism.
Identical bodies have been detected in blood films prepared on the twelfth day of the acute attack, from a paralyzed poliomyelitic monkey inoculated intraspinously.
The same organism has been cultivated from the blood of a monkey that had received intravenously a large dose of a Berkefeld filtrate of poliomyelitic virus.
No other micro6rganisms were detected either in the sections of the brain or in film preparations of the blood. These observations tend therefore to confirm the etiological relationship between the minute micro6rganism and epidemic poliomyelitis suggested by the successful cultivation and inoculation experiments reported by Flexner and Noguchi.
EXPLANATION OF PLATE 35. FIa. I. Globoid bodies in chain formation in brain tissue after six days' incubation. X I,ooo.
FIG. 2. Globoid bodies in chain formation in brain tissue after eight days' incubation. X Looo.
Fra. 3. Globoid bodies in chain formation in brain tissue after ten days' incubation. X Looo.
FIo. 4. Globold bodies in mass formation in brain tissue after thirty days' incubation. X I,OOO.
Fie. 5. Globoid bodies in chain formation in heart's blood. X i,ooo.
